Cntrality Dependc —cp
Correlations in Heavy lon Collisions

Edward Wenger

Massachusetts Institute of Technology

Cambridge, MA (edwenger@mit.edu)

XLIV Rencontres de Moriond La Thuile, Italy March 20th, 2009



mailto:edwenger@mit.edu
mailto:edwenger@mit.edu

PHOBQOS Collaboration

Burak Alver, Birger Back, Mark Baker, Maarten Ballintijn, Donald Barton, Russell Betts,
Richard Bindel, Wit Busza (Spokesperson), Vasundhara Chetluru, Edmundo Garcia,
Tomasz Gburek, Joshua Hamblen, Conor Henderson, David Hofman, Richard Hollis,
Roman Hotyhski, Burt Holzman, Aneta lordanova, Chia Ming Kuo, Wei Li, Willis Lin,

Constantin Loizides, Steven Manly, Alice Mignerey, Gerrit van Nieuwenhuizen, Rachid Nouicer,
Andrzej Olszewski, Robert Pak, Corey Reed, Christof Roland, Gunther Roland, Joe Sagerer,
Peter Steinberg, George Stephans, Andrei Sukhanov, Marguerite Belt Tonjes, Adam Trzupek,
Sergei Vaurynovich, Robin Verdier, Gabor Veres, Peter Walters, Edward Wenger, Frank Wolfs,
Barbara Wosiek, Krzysztof Wozniak, Bolek Wystouch

ARGONNE NATIONAL LABORATORY BROOKHAVEN NATIONAL LABORATORY
INSTITUTE OF NUCLEAR PHYSICS PAN, KRAKOW MASSACHUSETTS INSTITUTE OF TECHNOLOGY
NATIONAL CENTRAL UNIVERSITY, TAIWAN UNIVERSITY OF ILLINOIS AT CHICAGO
UNIVERSITY OF MARYLAND UNIVERSITY OF ROCHESTER

RoBCs 2 i




What is learned from correlations?

e In p+p collisions, 2-particle correlations
elucidate the physics mechanisms
responsible for particle production
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What is learned from correlations?

e In p+p collisions, 2-particle correlations
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Heavy lon Collisions

Insight into different stages of the system evolution

Initial geometry Hydrodynamical evolution Freeze-out
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Elliptic Flow

Initial anisotropy

up to a
+15% effect

R

ion plane)

Npare = # of participating nucleons

- Early equilibration
- Hydrodynamic expansion
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Back-to-Back Jet Quenching

prie: 4 -6 GeV/c
prec: 2 - 4 GeV/c

STAR, PRL 91, 072304 (2003)
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Back-to-Back Jet Quenching

prie: 4 -6 GeV/c
prec: 2 - 4 GeV/c

STAR, PRL 91, 072304 (2003)
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Where does the energy go?

pT¥e:3-4, prs°c:0.1-1 GeV/c

pTie:3-4, ps°c:>2 GeVlc

PHENIX, Phys. Rev. C 78, 014901 (2008)
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Medium response to high-prprobes near mid-rapidity

v broadening in Ag of away-side compared to p+p

v enhanced correlation (“ridge”) at Ag=0 and large An
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PHOBOS Experimental Setup

High p+ trigger tracks Associated hits Octagon holes are filled
using hits from the first
pr>2.5 GeV/c

Full ¢ coverage layers of the Spectrometer
0 < Nuig< 1.5 Broad n coverage (-3<n<3) and Vertex detectors

Single layer of silicon
No p; information !l

pr >4 (n=3) - 35 MeV/c (n=0)

- i N

Au+Au 200 GeV
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Construction of Correlated Yield

1 N, S(AQ,AT)
N, dAG dAT B(An) { bA0AM) a(An) [ 1+2V(An) cos(2Ad) B
S(AQ,AN) Raw correlation: ratio of per-trigger same
b(A0,AT) event pairs to mixed event pairs

V( An) _ <V2trig><vzassoc>
PHOBOS Phys. Rev. C 72,051901(R) (2005)

1 +2V(An) cos(2A0) Elliptic flow:

Scale factor: accounts for small multiplicity
difference between signal and mixed events

a(An)

Normalization term: relates flow-
subtracted correlation to correlated yield
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Subtraction of elliptic flow

s(Adp,Am)
b(Adp,An)

Long Range

Short Range

PHOBOS T
arXiv:0903.2811 1

VAT R
/ A¢ [deg]
Elliptic Flow

a(An) [1+2V(An) cos(2A) ]
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Correlated Yields in p+p and Au+Au

p+p 1 dchl. Au+Au 0-30%
(PYTHIA) N (rig dA¢ dAn (PHOBOS)

tri
NB: PYTHIA agrees nicely with STAR at mid- pTe >2.5 GeVlc
rapidity for a similar set of pr cuts pTassoc >4~ 35 MeV/c
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Ridge Extent in An
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Projection of correlation in A

T . v v T v T Y I T ¥ T T v v T ] ¥ 1

2: T o AU+AU :

1.51- F T PYTHIA -

Sl F ¥ 3

gk E

> . |

-l = - 4 1

IZ i 3

0.5| i
Short-range -
|An] <1 of

0 2 4 0 2 4
AD A0




Projection of correlation in A
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Integrated Ridge Yield
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Integrated Ridge Yield
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Integrated Ridge Yield
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Integrated Ridge Yield

O short-range minus PYTHIA
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What is the “ridge” ?

e Near-side correlation persists
out to at least An =4

e Causality requires that the
correlation be imprinted very
early On Dumitru, et al,

arXiv:0804.3858

e Properties of particles in ridge
similar to bulk (different from

jet fragmentation)

Putschke, J. Phys., G34: S679—
684, 2007 (STAR)
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What is the “ridge” !

N/

e Near-side correlation persists
out to at least An =4

e Causality requires that the

correlation be imprinted very

early on B e aus %
e Properties of particles in ridge

similar to bulk (different from & @

jet fragmentation)

Putschke, J. Phys., G34: S679—
684, 2007 (STAR)
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e PHOBOS measures a near-side ‘ridge’
in the 2-particle correlation structure in
Au+Au collisions extending out to An=4

e The breath of the correlation suggests
a mechanism other than medium-
induced energy loss

e The magnitude of the correlation is
consistent with zero for events with
less than ~100 participating nucleons
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Triggered Pair Acceptance

S(AQ,AM) b(A),AN)
A(P SRR e T '*tw A(P N TR —— Tl
100{” 1 _ I 15-20% central 100l ™
f ] 3mm < Vz < 4mm [ :
[ —— 1 L : '
o] | s, g 0] W
| - | N
-100 0 2 -100 0.2
I ] L e ]
e i S(A0,AN) " ymem & R
An b(A0,A1) n
A VIR qur.rm T L}.IZL
100“ h ] ! | ' ! ' l1 yi-02
" ; l " o ; Bt
o101
Otr 1 n I t ll‘l*w {b4WMI P'Ll e “1.005
averaged over
woflls':'"u |"|” "'|.|'zzzs -15cm < v; < 10cm
' TN TR T ey o ' Y I0.985

0.98

I“II




Estimating the Flow Term

e Parameterize published PHOBOS measurements as
Vz(NpartypT,n) = A(Npart) B(pT) C(ﬂ)

0.1 0.25( T ;; — ———
® hit-based N e 0<n<1s I ©® 3-15%
,, e T I 1<15 3 0.08
0.08 ° track-based _ § 0.2: : " i E r ce 15.25%
o I | £ . [9xw- . 8 1 Z0.06 0 ® 25-50%
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> | x [ /;/' ]
0.04 = 0l ) o !
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<n<l \ [ .® > IR AR
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Npart Py

e Correct v,(Npare,<ptti9> nyrig) fOr occupancy and
VZ(Npart,<pTassoc>,nassoc) for Secondaries

1+2V(AN) cos(2A0)
V = <V2trig><VZassoc>
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v2 Subtraction Systematics

. ] ] 1'“;—.' ' 'P'H(l)l?;O'S'pr'eIlirr;in'ar'y'
o The dominant systematic error in b ®  10-30% central :
_ o _ ik -0.5<An<0.0 +‘

this analysis is the uncertainty on ]

the magnitude of v,tr9 v,assoc

:o1.02T

S(A0AN)
b(AO,AN)

1.01F

o ~14% €rror on V,rg y,assoc (=) T

o ~20% €rror on V,rg y,assoc (n=3)

o + ' PH(I)BOS 'pr'eI;m'in'ar'y'
e In the most central collision -- ol 0-6% central :
_ -0.5 <An < 0. l
where flow is small comparedto __ [} T4
the correlation -- the error on $ig ol | 4 +++ -

V,tr9 v,3ss0C can exceed 50%.
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Correlation / Flow
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Centrality dependence of ZYAM

Number of octagon hits distribution for different centralities

10° |
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ZYAM implementation (ll)

ZYAM factors from 2d-fit in An and Npart [ 4c 59
T 40-45%
PHOBOS ! |
1.03 preliminary . | ' $ 35-40%
S'C/ 1.02
(o] | ///:/‘
1.01"
S 3-6%
4 2 0 > 0-3%
An

e Constant term: bias of the pr-triggered signal distribution to higher multiplicity

e Gaussian term: An correlation structure underneath v,-subtracted A

correlations. Width/amplitude/N,.+-dependence same as inclusive correlations
arXiv:0812.1172 (2008)
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FTPC-TPC Correlation (STAR)
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STAR vs. PYTHIA

e PHOBOS is limited by statistics in p+p

e We will compare our Au+Au results to PYTHIA,
which reasonably reproduces STAR p+p data
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